Abstract-Considered the positive correlation existed in working life lengths of components and repair time lengths of the failure units belonged to the same repairable system based on Copula theories, and extended the distributions for working time lengths and repair time lengths of the components to the general continuous types, rather than confined to exponential distribution. Presented the concept of one step state transition matrix for repairable systems in minimal time difference t t t , then turned out the state transition density matrix, by solving a system state equation, given availability at any time t and steadystate availability computing models for single-unit, series type, parallel repairable system consisting of two different units and a repairman respectively. A practical case calculation demonstrates the feasibility and effectiveness of the theory.
INTRODUCTION
The reliability analysis and calculation for the repairable system is always one of the active subject of reliability theory research and its application [1~8] . Suppose that i X and i Y be independent of each other and submit to exponential distribution. i X is working life length of the i th component in a system, With its counterpart, i Y is repair time length of the i th component. In addition, the assumption of probability that there are two or more components fell into failure state in the same instant would be zero are required. Under these conditions, Classical calculation methods and anlysis theories are more mature and used widely [9~11] .
In practical projects, due to system objects, work environment, human factors, maintenance factors such as different levels, resulting in repairable system complicated. Generalized Markov process, geometric process, method of supplementary variable were used to study reliability indexes of N-Unit Series Repairable System, two-units series system, cold standby repairable system respectively in [1~3]. Reference [4, 5] studied two-units parallel repairable system and a one unit repairable system with multiple vacations of one repairman whose components have two types of failure. Richard [6] and Zhang [7] calculated the reliability of a repairable circular k/n(G) system by the generalized transition probability, and Zhang analyzed the reliability and replacement policy of a k/n(F) system with repairable repairequipment by using the geometric process, the vector Markov process and the queuing theory in [8] . for a specific example, as a computer network system, the failure events of each computer are not independent resulted from the power supply circuit, transmission of the virus and other reasons. Overloads, working environment have the same impact on the working lives of components which bear the same task in a mechanical system, and lead to the number of failure components may be more than one in a transient moment. On the other hand, the impact from within the system, namely dependent failures often happen, if a rocket engine explosion, it will cause the other engine failure in a rocket [12] . Therefore, it is very important to research the reliability of a failure correlation and varying hazard rate repairable system, it also has good application advantages. It was the first time to introduce Copula theory to the reliability analysis methods for a mechanical system in [13] , and resolved the problem of reliability calculation involving failure correlation for the typical not-repairable series or parallel systems. In this paper based on Copula correlation theories, the concept of one step state transition matrix ( ) t Δ Ρ for repairable systems in minimal time difference t t t was presented, and then got the state transition density matrix, So the availability calculation models at any time t for several typical repairable systems were given by solving the system state equation.. (
ii. ∀
Theorem [13] . Let 
The Copula function ( , ) Here, θ is the correlation parameter in Copula functions, with the change in working conditions, correlation structure C θ and the correlation parameters θ are different.
III. CALCULATION MODEL FOR SINGLE-UNIT REPAIRABLE SYSTEM
Let the state of a single-unit repairable system which composed of one unit and one repairman be "0" for system is in working state, "1" for system is in repairable systems in minimal time difference t t t (the purpose of giving one step state transition matrix is to obtain the state transition density matrix Q , the probability that the same unit occurs state change twice or more in minimal time difference t Δ would be zero). Δ represents the probability that the state of system is i at t and change to j until t+ t. 
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By Laplace transform, method of partial-fraction expansion and the inverse Laplace transform, obtain the availability of system at t using the solution of equation (5) The steady state availability be ( )
IV. CALCULATION MODEL FOR N-UNIT SERIES REPAIRABLE SYSTEM
Series system reliability depends on the reliability of the weakest link. Therefore, the optimization design of system reliability should be reliability of each unit is almost the same. We may try to analyze a series repairable system consisting of the n-identical units and a repairman, similar to n-different units, but the situation more complicated. 
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